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(54) METHOD FOR PRODUCING ORGANIC MATERIAL

(57) [Problem to be Solved]
Provided is a method which allows, for example, sup-

pression of foaming in the purification step such as dis-
tillation and continuous operation, as well as direct treat-
ment of a waste liquid (can liquid) without having to sub-
ject the same to an extra purification treatment by remov-
ing the microorganisms, nitrogen compounds, and phos-
phorous compounds at once from an organic sub-
stance-containing liquid obtained from microbial fermen-
tation

[Means to Solve the Problem]
Disclosed is a method for producing an organic sub-

stance, comprising:
a microbial fermentation step of obtaining a first organic
substance-containing liquid comprising an organic sub-
stance, a nitrogen compound, a phosphorous com-
pound, and microorganisms by microbial fermentation;
a separation step of heating the first organic sub-
stance-containing liquid and separating into a liquid or

solid component comprising the nitrogen compound, the
phosphorous compound, and the microorganisms and a
gaseous component comprising the organic substance;
a liquefaction step of liquefying the gaseous component
comprising the organic substance by condensation to ob-
tain a second organic substance-containing liquid com-
prising the organic substance, and
a second purification step of separating a distillate com-
prising the organic substance and a second can liquid
from the second organic substance-containing liquid,
wherein
the concentration of the nitrogen compound in the second
can liquid is 0 to 150 ppm based on the total mass of the
second can liquid, and the concentration of the phospho-
rous compound in the second can liquid is 0 to 5 ppm
based on the total mass of the second can liquid.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a method for
producing an organic substance and in particular, a meth-
od for producing an organic substance using an organic
substance-containing liquid obtained by microbial fer-
mentation.

Background Art

[0002] In recent years, methods for producing various
organic substances from raw materials other than petro-
leum, for example, methods for producing bioethanol
from edible raw materials such as corn by a sugar fer-
mentation method have been of interest from the view-
point of concerns about depletion of fossil fuel resources
due to mass consumption of oils and alcohol produced
from petroleum, and global environmental problems such
as increase of carbon dioxide in the atmosphere. How-
ever, the sugar fermentation method using such edible
raw materials has a problem of bringing about price es-
calation of food, for example, since the limited farmland
area will be used for the production of products other
than food.
[0003] In order to solve such problem, investigations
are made to various methods for producing various or-
ganic substances which have been conventionally pro-
duced from petroleum, using non-edible raw materials
which have been disposed. For example, there is known
a method for producing ethanol by microbial fermentation
from iron and steel exhaust gas, syngas obtained by gas-
ification of waste, and the like.
[0004] In a method for producing ethanol from syngas
by microbial fermentation, since ethanol produced by mi-
crobial fermentation is contained in the microbial fermen-
tation vessel, there is a need to extract ethanol therefrom.
As a method for extracting such ethanol, there is known
a method using a distillation device.
[0005] As a method for producing an organic sub-
stance using microorganisms, there is known a method
for isolating and purifying a desired organic substance.
For example, Patent Document 1 proposes a method for
removing a protein remaining in a lactic fermentation liq-
uid, in which the protein is aggregated by heat denatur-
ation and the aggregated substance is removed by solid-
liquid separation.

Prior Art Documents

[Patent Document]

[0006] Patent Document 1: JP2011-177159A

SUMMARY OF THE INVENTION

Problem to be Solved

[0007] The organic substance-containing liquid ob-
tained by the above-described microbial fermentation
contains a large amount of nitrogen compounds, phos-
phorous compounds, microorganisms, dead microor-
ganisms, proteins derived from the microorganisms, and
the like, apart from the desired organic substance. When
the organic substance is extracted directly from such or-
ganic substance-containing liquid by, for example, a dis-
tillation device, etc., the microorganisms, etc. increase
their concentration as the organic substance is distilled
off, due to the effect by the microorganisms, etc. As a
result, the viscosity of the organic substance-containing
liquid in the distillation device increases to generate
foaming in the distillation device, which can hinder con-
tinuous operation.
[0008] Further, even if the microorganisms were re-
moved beforehand with the method disclosed in Citation
1 to extract the organic substance directly by for example,
distillation, the nitrogen compounds and phosphorous
compounds may remain in the waste liquid (can liquid).
In such case, there is a need to further purify the waste
liquid (can liquid), in order to meet the legal standard, for
example, which as a result, increases the cost for man-
ufacturing the organic substance.
[0009] It is therefore an object of the present invention
to provide a method which allows, for example, suppres-
sion of foaming in the purification step such as distillation
and continuous operation, as well as direct treatment of
a waste liquid (can liquid) without having to subject the
same to an extra purification treatment by removing the
microorganisms, nitrogen compounds, and phosphorous
compounds at once from an organic substance-contain-
ing liquid obtained from microbial fermentation.

Means for Solving the Problem

[0010] As a result of intensive studies to solve the prob-
lem as above, the present inventors have found that heat-
ing an organic substance-containing liquid obtained from
microbial fermentation produces a solid or liquid compo-
nent and a gaseous component, and by such separation
thereof, the above-described object can be achieved,
thereby completing the present invention. That is, the
overview of the present invention is as follows.

[1] A method for producing an organic substance,
comprising:

a microbial fermentation step of obtaining a first
organic substance-containing liquid comprising
an organic substance, a nitrogen compound, a
phosphorous compound, and microorganisms
by microbial fermentation;
a separation step of heating the first organic sub-
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stance-containing liquid and separating into a
liquid or solid component comprising the nitro-
gen compound, the phosphorous compound,
and the microorganisms and a gaseous compo-
nent comprising the organic substance;
a liquefaction step of liquefying the gaseous
component comprising the organic substance
by condensation to obtain a second organic sub-
stance-containing liquid comprising the organic
substance, and
a second purification step of separating a distil-
late comprising the organic substance and a
second can liquid from the second organic sub-
stance-containing liquid, wherein
the concentration of the nitrogen compound in
the second can liquid is 0 to 150 ppm based on
the total mass of the second can liquid, and the
concentration of the phosphorous compound in
the second can liquid is 0 to 5 ppm based on the
total mass of the second can liquid.

[2] The method according to [1], further comprising
a culture solution purification step of separating a
purified liquid comprising the organic substance and
a first organic substance-containing liquid compris-
ing the organic substance, the nitrogen compound,
the phosphorous compound, and the microorgan-
isms from the first organic substance-containing liq-
uid, after the microbial fermentation step.
[3] The method according to [2], further comprising
a first purification step of separating a distillate com-
prising the organic substance and a first can liquid
from the purified liquid.
[4] The method according to [3], comprising the step
of reusing at least a portion of the first can liquid in
the microbial fermentation and disposing at least a
portion of the second can liquid.
[5] The method according to any one of [1] to [4],
wherein
the microbial fermentation uses a syngas comprising
carbon monoxide as a raw material.
[6] The method according to [5], wherein the syngas
is a waste-derived gas.
[7] The method according to any one of [1] to [6],
wherein
the organic substance comprises alcohol having 1
to 6 carbons.

Effect of the Invention

[0011] According to the present invention, it is possible
to suppress foaming in the purification step such as dis-
tillation and carry out continuous operation, as well as
carrying out direct treatment of a waste liquid (can liquid)
without having to subject the same to an extra purification
treatment by removing microorganisms, a nitrogen com-
pound, and a phosphorous compound at once from an
organic substance-containing liquid obtained from micro-

bial fermentation..

Brief Description of Drawings

[0012] FIG. 1 is a figure of a process flow illustrating
one example of the method for producing an organic sub-
stance according to the present invention.

Embodiment of the Invention

[0013] Hereinafter, one example of preferred embod-
iments of the present invention will be described. How-
ever, the following embodiments are examples for illus-
trating the present invention, and the present invention
is not limited in any way by the following embodiments.
In the present specification, the proportion of each com-
ponent in the gas is a proportion based on volume, not
weight, unless otherwise specified. Thus, unless other-
wise specified, percent by 100 represents percent by vol-
ume and ppm represents ppm by volume.
[0014] The method for producing an organic substance
according to the present invention comprises a microbial
fermentation step of obtaining a first organic substance-
containing liquid comprising an organic substance, a ni-
trogen compound, a phosphorous compound, and mi-
croorganisms by microbial fermentation; a separation
step of heating the first organic substance-containing liq-
uid and separating into a liquid or solid component com-
prising the nitrogen compound, the phosphorous com-
pound, and the microorganisms and a gaseous compo-
nent comprising the organic substance; a liquefaction
step of liquefying the gaseous component comprising the
organic substance by condensation to obtain a second
organic substance-containing liquid comprising the or-
ganic substance; and a second purification step of sep-
arating a distillate comprising the organic substance and
a second can liquid from the second organic substance-
containing liquid. In this case, the concentration of the
nitrogen compound in the can liquid is 0 to 150 ppm based
on the total mass of the entire can liquid, and the con-
centration of the phosphorous compound in the can liquid
is 0 to 5 ppm based on the total mass of the entire can
liquid. Note that, the method for producing the organic
substance may further comprise a raw material gas gen-
eration step, a raw material gas purification step, a culture
solution purification step, a first purification step, a waste
water treatment step, and the like. FIG. 1 is a process
flow indicating one example of the present invention. The
process flow figure of FIG 1 comprises a raw material
gas generation step, a raw material gas purification step,
a microbial fermentation step, a culture solution purifica-
tion step, a first purification step, a separation step, a
liquefaction step, a second purification step, and a waste
water treatment step. Each step will be explained in the
followings.
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< Raw Material Gas Generation Step >

[0015] A raw material gas generation step is a step of
generating a raw material gas by gasifying a carbon
source (see FIG. 1). Note that, the raw material gas can
be generated by reduction of carbon dioxide by reverse
shift reaction.
[0016] There is no limitation to the raw material gas,
and preferably, it contains carbon monoxide. Also, it may
further contain components such as hydrogen, carbon
dioxide, oxygen, nitrogen, tin, tar, nitrogen compound,
sulfur compound, phosphorous compound, aromatic
compound, and the like.
[0017] When the raw material gas contains carbon
monoxide, the content of the carbon monoxide in the raw
material gas is preferably, without particular limitation, 0.
1 volume % or more, more preferably 10 volume % or
more, further preferably 20 volume % or more, particu-
larly preferably 20 volume % to 80 volume %, and most
preferably 20 volume % to 60 volume %, with respect to
the total volume of the raw material gas.
[0018] Note that a raw material gas containing carbon
monoxide can generally be generated by conducting heat
treatment (commonly known as gasification) in which a
carbon source is combusted (incomplete combustion),
i.e. by partially oxidizing the carbon source.
[0019] There is no particular limitation to the carbon
source, and examples thereof include coal used in a coke
oven, blast furnace (blast furnace gas), converter of a
steel plant or a coal-fired power plant; waste introduced
into an incinerator (especially gasification furnace) (non-
industrial waste and industrial waste); biomass such as
wood; and various carbon-containing materials for the
purpose of recycling carbon dioxide, etc. which is sub-
generated in various industries. Amongst these, the car-
bon source is preferably waste. In other words, the raw
material gas is preferably a gas derived from waste.
[0020] Specifically, examples of the carbon source in-
clude plastic waste, garbage, municipal waste (MSW),
waste tyres, biomass waste, domestic waste such as du-
vets and papers, waste such as building members, coal,
petroleum oil, compounds derived from petroleum oil,
natural gas, shale gas, and the like, and preferred
amongst these is various waste, and more preferably
non-segregated municipal waste from the view point of
segregation costs.
[0021] Generation of the raw material gas is preferably
carried out using a gasification furnace.
[0022] When a raw material gas containing carbon
monoxide is generated, the gasification furnace which
can be used is a furnace for combustion (incomplete com-
bustion) of a carbon source. Specific examples include
a shaft furnace, a kiln furnace, a fluidized bed furnace,
and a gasification reforming furnace. The gasification fur-
nace is preferably a fluidized bed furnace type because
a high hearth load and excellent operability can be
achieved by partially combusting the waste. The waste
is gasified in a fluidized bed furnace at a low temperature

(about 450 to 600 °C) and in a low oxygen atmosphere
to be decomposed into char containing a large amount
of gas (carbon monoxide, carbon dioxide, hydrogen,
methane, etc.) and carbon. In addition, since the incom-
bustibles contained in the waste are separated from the
bottom of the furnace in a hygienic and lightly oxidized
state, valuable substances such as iron and aluminum
in the incombustibles can be selectively recovered.
Therefore, gasification of such waste enables efficient
recycling of resources.
[0023] The gasification temperature in the raw material
gas generating step is usually 100 °C to 1500 °C and
preferably 200 °C to 1200 °C.
[0024] The reaction time for gasification in the raw ma-
terial gas generating step is usually 2 seconds or more
and preferably 5 seconds or more.

< Raw Material Gas Preparation Step >

[0025] The raw material gas as above may be supplied
to the microbial fermenting vessel as a syngas as it is;
however, the raw material gas may be purified so as to
be suitable for the microbial fermentation.
[0026] When the raw material gas is derived from
waste, the raw material gas tends to contain carbon mon-
oxide in an amount of 0.1 vol % to 80 vol %, carbon
dioxide in an amount of 0.1 vol % to 40 vol %, hydrogen
in an amount of 0.1 vol % to 80 vol %, a nitrogen com-
pound in an amount of 1 ppm or more, a sulfur compound
in an amount of 1 ppm or more, a phosphorus compound
in an amount of 0.1 ppm or more and/or an aromatic
compound in an amount of 10 ppm or more. It may also
contain substances such as other environmental con-
taminants, soot and dust particles, and impurities. There-
fore, when the syngas is supplied to the microbial fer-
menting vessel, it is preferable to reduce or remove sub-
stances that are unfavourable for stable culturing of mi-
croorganisms and compounds, etc. in an undesired
amount from the raw material gas so that the content of
each component contained in the raw material gas is in
a suitable range for stable culturing of microorganisms.
[0027] That is, the raw material gas purification step is
a step of removing or reducing a specific substance such
as various contaminants, soot and dust particles, impu-
rities, and undesired amounts of compounds from the
raw material gas (see FIG. 1). In the pretreatment step,
syngas may be obtained from the raw material gas. The
pretreatment step can be carried out using one or two or
more of, for example, a gas chiller (a water separator),
a low temperature (cryogenic) separation device, a cy-
clone, a particulate (soot) separator such as a bag filter,
a scrubber (a water-soluble impurity separator), a des-
ulfurizer (a sulfide separator), a membrane separator, a
deoxygenator, a pressure swing adsorption separator
(PSA), a temperature swing adsorption separator (TSA),
a pressure temperature swing adsorption separator (PT-
SA), a separator using activated carbon, a separator us-
ing a copper or a palladium catalyst.
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[0028] The raw material gas (hereinafter, the gas ob-
tained by purifying the raw material gas may be referred
to as "syngas") used in the method for producing an or-
ganic substance of the present invention preferably con-
tains carbon monoxide. It may further contain hydrogen,
carbon dioxide, and nitrogen.
[0029] The syngas used in the present invention may
be a gas obtained by carrying out the steps of gasifying
a carbon source to generate a raw material gas (a raw
material gas generating step), and then adjusting the
concentration of each component of carbon monoxide,
carbon dioxide, hydrogen, and nitrogen and reducing or
removing the above-mentioned substances and com-
pounds from the raw material gas.
[0030] The concentration of carbon monoxide in the
syngas is usually 20 volume % to 80 volume %, preferably
25 volume % to 50 volume %, and more preferably 35
volume % to 45 volume %, with respect to the total con-
centration of the carbon monoxide, carbon dioxide, hy-
drogen, and nitrogen in the syngas.
[0031] The concentration of hydrogen in the syngas is
usually 10 volume % to 80 volume %, preferably 30 vol-
ume % to 55 volume %, and more preferably 40 volume
% to 50 volume %, with respect to the total concentration
of carbon monoxide, carbon dioxide, hydrogen, and ni-
trogen in the syngas.
[0032] The concentration of carbon dioxide in the syn-
gas is usually 0.1 volume % to 40 volume %, preferably
0.3 volume % to 30 volume %, more preferably 0.5 vol-
ume % to 10 volume %, and particularly preferably 1 vol-
ume % to 6 volume %, with respect to the total concen-
tration of carbon monoxide, carbon dioxide, hydrogen,
and nitrogen in the syngas.
[0033] The concentration of nitrogen in the syngas is
usually 40 volume % or less, preferably 1 volume % to
20 volume %, and more preferably 5 volume % to 15
volume % with respect to the total concentration of carbon
monoxide, carbon dioxide, hydrogen, and nitrogen in the
syngas.
[0034] The concentration of carbon monoxide, carbon
dioxide, hydrogen, and nitrogen can be set to a prede-
termined range by changing the C-H-N element compo-
sition of the carbon source in the raw material gas gen-
erating step or by changing the combustion conditions
such as the combustion temperature and the oxygen con-
centration of the supply gas during combustion, if nec-
essary. For example, in the case where the concentration
of carbon monoxide or hydrogen is to be changed, a car-
bon source having a high C-H ratio such as waste plastic
may be used, and in the case where the concentration
of nitrogen is to be lowered, gas having a high oxygen
concentration may be supplied in the raw material gas
generating step.
[0035] The syngas used in the present invention may,
without particular limitation, contain a sulfur compound,
a phosphorus compound, a nitrogen compound and the
like in addition to the above components. The content of
each of these compounds is preferably 0.05 ppm or more,

more preferably 0.1 ppm or more, further preferably 0.5
ppm or more. The content of each compound is prefer-
ably 2000 ppm or less, more preferably 1000 ppm or less,
further preferably 80 ppm or less, further more preferably
60 ppm or less, and particularly preferably 40 ppm or
less. When the content of the sulfur compound, the phos-
phorus compound, the nitrogen compound, and the like
is no less than the lower limit, there is an advantage that
the microorganisms can be suitably cultured, and when
the content is no more than the upper limit, there is an
advantage that the culture medium is not contaminated
by various nutrition sources which the microorganisms
have not consumed.
[0036] Examples of the sulfur compound include sulfur
dioxide, CS2, COS, and H2S, and preferred amongst
them are H2S and sulfur dioxide as they are easily con-
sumed as a nutrition source for the microorganisms.
Therefore, it is more preferable that the syngas contains
the sum of H2S and sulfur dioxide within the above rang-
es.
[0037] As the phosphorus compound, phosphoric acid
is preferred as it is easily consumed as a nutrition source
for the microorganisms. Therefore, it is more preferable
that the syngas contains phosphoric acid within the
above ranges.
[0038] Examples of the nitrogen compound include ni-
trogen monoxide, nitrogen dioxide, acrylonitrile, ace-
tonitrile, HCN, and the like, and HCN is preferable in that
it is easily consumed as a nutrient source for the micro-
organisms. Therefore, it is more preferable that the syn-
gas contains HCN in the above range.
[0039] The syngas may contain an aromatic com-
pound in the amount of preferably 0.01 ppm or more,
more preferably 0.03 ppm or more, further preferably
0.05 ppm or more, and particularly preferably 0.1 ppm or
more. The content of the aromatic compound is also pref-
erably 90 ppm or less, more preferably 70 ppm or less,
further preferably 50 ppm or less, and particularly pref-
erably 30 ppm or less. The microorganisms tend to be
cultured suitably by containing the aromatic compound
in an amount no less than the lower limit. On the other
hand, when the aromatic compound is contained in an
amount no more than the upper limit, the culture medium
tends to be less contaminated by various nutrition sourc-
es which the microorganisms have not consumed.
[0040] Note that, as mentioned above, the syngas is a
purified gas of raw material gas, and preferably, the raw
material gas is a gas derived from waste. Therefore, the
syngas is preferably a gas derived from waste.

< Microbial Fermentation Step >

[0041] A microbial fermentation step is a step of ob-
taining a first organic substance-containing liquid com-
prising an organic substance, a nitrogen compound, a
phosphorous compound, and microorganisms by micro-
bial fermentation (see FIG. 1). In this case, normally a
raw material gas obtainable from the raw material gas
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generation step or from a raw material gas (syngas) ob-
tainable from the raw material gas purification step may
be used in the microbial fermentation. Preferred amongst
these is the use of the syngas in view of carrying out
microbial fermentation in a suitable manner. Use may
also be made to a syngas after adding another predeter-
mined gas to the raw material gas obtainable from the
raw material gas generation step or the raw material gas
(syngas) obtainable from the raw material gas purification
step. Examples of the other predetermined syngas in-
clude at least one compound selected from the group
consisting of sulfuric compounds such as sulfur dioxide,
phosphorus compounds, and nitrogen compounds. In
one embodiment, the microbial fermentation preferably
uses the raw material gas containing carbon monoxide
or the syngas containing carbon monoxide as a raw ma-
terial, and more preferably, the syngas containing carbon
monoxide as a raw material. In this case, the raw material
gas or the syngas is preferably a gas derived from waste.
Herein under, the raw material gas or the syngas used
in the microbial fermentation may be collectively referred
to as "syngas, etc.".
[0042] Microbial fermentation is generally conducted
in a microbial fermenting vessel. The microbial ferment-
ing vessel used is preferably a continuous fermenter. In
general, the microbial fermenting vessel may be of any
shape, including a stirred type, an airlift type, a bubble
column type, a loop type, an open-bond type, and a pho-
tobio type. Suitably used amongst these are known loop
reactors having a main vessel part and a reflux part.
When the loop reactors are used, a circulation step is
preferably included, in which a liquid medium is circulated
in between the main vessel part and the reflux part.
[0043] Although the syngas and the microbial culture
solution may be continuously fed to the microbial fer-
menting vessel, the syngas and the microbial culture so-
lution need not be fed simultaneously, and the syngas
may be fed to the microbial fermenting vessel to which
the microbial culture solution has been previously fed. It
is known that some anaerobic microorganisms produce
organic substances which are valuables such as ethanol,
from a substrate gas such as a syngas by the fermenting
action, and these gas-utilizing microorganisms are cul-
tured in a liquid medium. For example, the liquid medium
and the gas-utilizing bacteria may be fed and stored, and
while the liquid medium is stirred in this state, the syngas
may be fed into the microbial fermenting vessel. Accord-
ingly, the gas-utilizing bacteria can be cultured in a liquid
medium and by the fermenting action, an organic sub-
stance can be produced from the syngas.
[0044] As the temperature of the medium (culture tem-
perature) in the microbial fermenting vessel, any temper-
ature may be employed, and preferably can be about 30
to 45 °C, more preferably about 33 to 42 °C, and further
preferably about 36.5 to 37.5 °C.
[0045] The preferred culture time is 12 hours or longer
with continuous culture, more preferably 7 days or longer,
particularly preferably 30 days or longer, and most pref-

erably 60 days or longer. Note that, the upper limit of the
culture time is not determined; however, in view of peri-
odic maintenance of the facility, the culture time is pref-
erably 720 days or shorter and more preferably 365 days
or shorter. Note that, the culture time is referred to as the
time from adding the seed bacteria to the culturing vessel
to the time when the entire amount of the culture solution
in the culturing vessel is discharged.
[0046] The microorganisms (species) contained in the
microbial culture solution are preferably those that can
produce a desired organic substance by microbial fer-
mentation of syngas using carbon monoxide as a main
raw material (see FIG. 2). For example, the microorgan-
isms (species) are preferably microorganisms which
generate an organic substance from the syngas by the
fermenting action of gas-utilizing bacteria, and particu-
larly preferably microorganisms having a metabolic path-
way of acetyl CoA. Among the gas-utilizing bacteria, the
genus Clostridium is more preferred, and Clostridium au-
toethanogenum is particularly preferred, without partic-
ular limitation. The following is a further example.
[0047] Gas-utilizing bacteria include both eubacteria
and archaebacteria. Examples of the eubacteria include
Clostridium, Moorella, Acetobacterium, Carboxydocella,
Rhodopseudomonas, Eubacterium, Butyribacterium, Ol-
igotropha, Bradyrhizobium, and aerobic hydrogen-oxi-
dizing bacteria, Ralsotonia bacteria, and the like.
[0048] On the other hand, examples of the archaebac-
teria include bacteria from the genus of Methanobacte-
rium, Methanobrevibacter, Methanocalculus, Methano-
coccus, Methanosarcina, Methanosphaera, Methano-
thermobacter, Methanothrix, Methanoculleus, Methano-
follis, Methanogenium, Methanospirillium, Methanosae-
ta, Thermococcus, Thermofilum, Arcaheoglobus, and
the like. Amongst these, preferred as the archaebacterial
are Methanosarcina, Methanococcus, Methanothermo-
bacter, Methanothrix, Thermococcus, Thermofilum, and
Archaeoglobus.
[0049] Further, preferred as the archaebacteria are
bacteria from the genus of Methanosarcina, Methano-
thermobactor, or Methanococcus, and particularly pre-
ferred are Methanosarcina or Methanococcus, due to ex-
cellent carbon monoxide and carbon dioxide utilizing
properties. Specific examples of the bacteria from the
genus of Methanosarcina include Methanosarcina bark-
eri, Methanosarcina mazei, Methanosarcina acetivo-
rans, and the like.
[0050] Among the above gas-utilizing bacteria, bacte-
ria having a high ability to produce organic substances
of interest are selected and used. For example, the gas-
utilizing bacteria having a high ethanol-producing ability
include Clostridium autoethanogenum, Clostridium I
jungdahlii, Clostridium aceticum, Clostridium carboxidi-
vorans, Moorella thermoacetica, Acetobacterium woodii.
Among these, Clostridium autoethanogenum is particu-
larly preferable.
[0051] The medium used for culturing the above-de-
scribed microorganisms (species) is not particularly lim-
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ited, as long as it has an appropriate composition corre-
sponding to the microorganisms, and is a liquid contain-
ing water as a main component and a nutrient (for exam-
ple, vitamin, phosphoric acid, etc.) dissolved or dispersed
in the water. The composition of such medium is prepared
so that the gas-utilizing bacteria may grow well. For ex-
ample, the medium in which the genus Clostridium is
used as the microorganism can be prepared by using the
specification of US2017/260552, paragraphs [0097] to
[0099], etc. as a reference.
[0052] The first organic substance-containing liquid
obtained from the microbial fermentation step includes
the organic substance, a nitrogen compound, a phos-
phorous compound, and microorganisms, and other
components.
[0053] Examples of the organic substance include, al-
cohols having 1 to 6 carbons, diols having 1 to 6 carbons,
carboxylic acids having 1 to 6 carbons, hydroxycarboxylic
acids having 1 to 6 carbons, ketones having 3 to 6 car-
bons, alkenes having 2 to 6 carbons, and alkadienes hav-
ing 2 to 6 carbons.
[0054] Examples of the alcohols having 1 to 6 carbons
include methanol, ethanol, propanol, isopropyl alcohol,
and the like.
[0055] Examples of the diols having 1 to 6 carbons
include 2,3-butanediol, and the like.
[0056] Examples of the carboxylic acids having 1 to 6
carbons include acetic acid, and the like.
[0057] Examples of the hydroxycarboxylic acids hav-
ing 1 to 6 carbons include lactic acid, and the like.
[0058] Examples of the ketones having 3 to 6 carbons
include acetone, and the like.
[0059] Examples of the alkenes having 2 to 6 carbons
include isoprene, and the like.
[0060] Examples of the alkadienes having 2 to 6 car-
bons include butadiene, and the like.
[0061] Amongst these, preferably included as the or-
ganic substance are the alcohols having 1 to 6 carbons
and the diols having 1 to 6 carbons, more preferably eth-
anol, propanol, isopropyl alcohol, and 2,3-butanediol,
and further preferably ethanol. Note that, one of the or-
ganic substances as above may be contained alone, or
2 or more in combination.
[0062] Examples of the nitrogen compound include,
without particular limitation, a component derived from a
medium such as NH4Cl and (NH4)2HPO4, a component
derived from microorganisms such as a protein derived
from microorganisms, and the like. Further, when the raw
material gas (syngas) is a gas derived from waste, a com-
ponent resulting from the raw material gas (syngas) may
also be comprised.
[0063] Examples of the phosphorous compound in-
clude, without particular limitation, a component derived
from a medium such as H3PO4 and (NH4)2HPO4, a com-
ponent derived from microorganisms such as nucleic ac-
id, adenosine triphosphate (ATP), adenosine diphos-
phate (ADP), and the like. Further, when the raw material
gas (syngas) is a gas derived from waste, a component

resulting from the raw material gas (syngas) may also be
comprised.
[0064] Examples of the microorganisms include micro-
organisms or the dead microorganisms.
[0065] Examples of the other components include wa-
ter, medium components, and the like. Further, when the
raw material gas (syngas) is a gas derived from waste,
a component resulting from the raw material gas (syngas)
may also be comprised.
[0066] Normally, the first organic substance-contain-
ing liquid is obtained as a suspension. In this case, al-
though the concentration of the protein in the suspension
varies depending on the kind of microorganisms, it is nor-
mally 30 to 1000 mg/L. Note that, the concentration of
proteins in the first organic substance-containing liquid
can be measured by Kjeldahl method.

< Culture Solution Purification Step >

[0067] A culture solution purification step is a step of
separating a purified liquid comprising the organic sub-
stance and a first organic substance-containing liquid
comprising the organic substance, the nitrogen com-
pound, the phosphorous compound, and the microorgan-
isms from the first organic substance-containing liquid
after the microbial fermentation step. By including the
culture solution purification step, the total amount of the
first organic substance-containing liquid separated in the
separation step to be described later will be reduced, and
the separation step can be carried out efficiently and at
a low cost.
[0068] Purification of the culture solution is done nor-
mally by a solid liquid separation such as a press ma-
chine, a centrifugation machine, and a filter. One of these
methods may be used alone or two or more in combina-
tion.
[0069] The purified liquid from the culture solution pu-
rification comprises water and a water soluble compo-
nent, other than the desired organic substance. In this
case, examples of the water soluble component include
nitrogen compounds such as NH4CL and phosphorous
compounds such as H3PO4.
[0070] Although the first organic substance-containing
liquid has a different composition from the first organic
substance-containing liquid as of before the purification,
it comprises the organic substance, the nitrogen com-
pound, the phosphorous compound, the microorgan-
isms, and the other components.

< First Purification Step >

[0071] A first purification step is a step of separating a
distillate comprising the organic substance and a first can
liquid from the purified liquid. This step is carried out when
the above-described culture solution purification step is
carried out. Since the purified liquid contains water, a
water-soluble component, etc. other than the organic
substance, it is possible to extract the organic substance
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by carrying out the first purification step. Note that, when
a plurality of organic substances is generated by micro-
bial fermentation, the purification condition, etc. is pref-
erably adjusted by separating only the desired organic
substance. When the condition was adjusted to separate
only the desired organic substance, the distillate contains
the desired organic substance and the can liquid contains
the undesired organic substance.
[0072] Examples of the apparatus used in the first pu-
rification step include a distillation apparatus, a treatment
apparatus including a pervaporation membrane, a treat-
ment apparatus including a zeolite dehydration mem-
brane, a treatment apparatus for removing a low boiling
point substance having a boiling point lower than that of
the organic substance, a treatment apparatus for remov-
ing a high boiling point substance having a boiling point
higher than that of the organic substance, and a treatment
apparatus including an ion exchange membrane. These
apparatuses may be used alone or two or more in com-
bination. As the unit operation, heat distillation or mem-
brane separation may be suitably used.
[0073] Amongst these, the first purification step pref-
erably includes heat distillation. That is, in one embodi-
ment, the first purification step is a step of separating the
distillate comprising the organic substance and the first
can liquid from the purified liquid by thermal distillation.
[0074] The distillate comprises the organic substance.
It can optionally comprise water, a water-soluble compo-
nent, etc. Note that, when a plurality of organic substanc-
es is generated by microbial fermentation, the distillate
comprises the desired organic substance and can op-
tionally comprise water, a water-soluble component, an
organic substance other than the desired organic sub-
stance, etc.
[0075] The first can liquid comprises water and a water
soluble component. It can optionally comprise an organic
substance. Examples of the water soluble component
include nitrogen compounds such as NH4CL and phos-
phorous compounds such as H3PO4 as explained above.
Note that, when a plurality of organic substances is gen-
erated by microbial fermentation, the distillate comprises
an organic substance other than the desired organic sub-
stance, water, and a water-soluble component, and can
optionally comprise the desired organic substance.
[0076] Note that, since the first can liquid may comprise
a nitrogen compound and a phosphorous compound,
there is a need for a further purification in order to meet
the regulatory standard when the compounds are to be
subjected to disposal treatment. Accordingly, at least a
part, or preferably all of the first can liquid is reused for
the microbial fermentation.

< Separation Step >

[0077] A separation step is a step in which the first
organic substance-containing liquid is heated and sepa-
rated into a liquid or solid component comprising a nitro-
gen compound, a phosphorous compound, and micro-

organisms, and a gaseous component comprising an or-
ganic substance. Note that, when the above-described
culture solution purification step is conducted, the first
organic substance-containing liquid obtained after the
step is subjected to the purification step.
[0078] In conventional methods, when the first organic
substance-containing liquid obtained from the microbial
fermentation step is directly subjected to the purification
step such as distillation as above to purify the organic
substance, there was a problem that foaming is gener-
ated induced by the microorganisms, etc., interrupting
the continuous operation.
[0079] There was also a problem that even when the
microorganisms were removed beforehand and the or-
ganic substance was directly extracted by distillation for
example, the nitrogen compound, the phosphorous com-
pound, etc. may remain in the waste liquid (can liquid).
In such case, the waste liquid (can liquid) must be purified
further in order to, for example, meet the regulatory stand-
ard, which as a result, induces escalation of the manu-
facturing cost of the organic substance.
[0080] To such problem, the present invention utilizes
the change in state by heating. That is, by heating the
first organic substance-containing liquid, the organic sub-
stance is turned to gas and the nitrogen compound, the
phosphorous compound, and the microorganisms are
turned into liquid or solid, which makes it possible to sep-
arate only the desired organic substance. The separation
step by heating makes it possible to remove the micro-
organisms and nitrogen and phosphorous compounds
from the first organic substance-containing liquid at once.
As a result, it is possible to suppress for example, foaming
in the purification step such as distillation, in order to allow
continuous operation, and also the waste liquid (can liq-
uid) can be treated directly without having to subject the
liquid to another purification treatment. Note that, the ob-
tainable liquid or solid component is gasified again in the
raw material gas generation step and used for producing
ethanol or utilized for feeds (feeding stuffs) for livestock,
fertilizers, solid fuels, materials for electrical generation
or heat recovery, etc.
[0081] Examples of the liquid or solid component are
a component that may turn into a liquid or solid state after
heating the first organic substance-containing liquid.
Specific examples include, a nitrogen compound, a phos-
phorous compound, microorganisms (including residues
of the microorganisms), and other components, etc.
[0082] The gaseous component comprises the organic
substance. The gaseous component may further com-
prise a component that turns into a gas state after heating
the organic substance-containing liquid. Particular exam-
ples include water, in addition to organic substances.
[0083] Note that, when a plurality of organic substanc-
es is generated by microbial fermentation, the heating
condition, etc. is preferably adjusted so that only the de-
sired organic substance is separated. When the condition
is adjusted to separate only the desired organic sub-
stance, the liquid or solid component comprises the un-
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desired organic substance and the gaseous component
comprises the desired organic substance.
[0084] In one embodiment, the desired organic sub-
stance is preferably ethanol, propanol, isopropyl alcohol,
acetone, isoprene, and butadiene, more preferably eth-
anol, propanol, isopropyl alcohol, and acetone, further
preferably ethanol and acetone, and particularly prefer-
ably ethanol.
[0085] The heating temperature of the organic sub-
stance-containing liquid varies depending on the kind of
organic substances, and preferably is from 30 to 500 °C,
more preferably is from 50 to 200 °C, further preferably
is from 80 to 180 °C, and particularly preferably is from
100 to 150 °C.
[0086] The pressure at the time of heating is preferably
0.01 to 1000 kPa, more preferably 10 to 200 kPa, and
further preferably 50 to 150 kPa.
[0087] In particular, the heating of the organic sub-
stance-containing liquid is preferably done at 50 to 200
°C, more preferably at 80 to 180 °C, and further preferably
at 100 to 150 °C, in view of economic efficiency, under
normal pressure (101.3 kPa).
[0088] Note that, in one embodiment, the heating of
the organic substance is at a temperature preferably 10
to 50 °C higher than the boiling point of the organic sub-
stance, more preferably 15 to 40 °C higher, and further
preferably 20 to 30 °C higher. For example, in the case
when ethanol (boiling point: 78 °C) is the desired organic
substance, the organic substance-containing liquid is
heated preferably at 88 to 128 °C, more preferably at 93
to 118 °C, and further preferably 98 to 108 °C, under
normal pressure.
[0089] The heating time in the separation step varies
depending on the heating condition, and there is no par-
ticular limitation as long as the time is sufficient for ob-
taining the gaseous component. The heating time in the
separation step is normally 5 seconds to 2 hours, pref-
erably 5 seconds to 1 hour, and more preferably 5 sec-
onds to 30 minutes, in view of efficiency and economic
efficiency.
[0090] Note that, when a plurality of organic substanc-
es is to be generated by microbial fermentation, the heat-
ing condition, etc. is preferably adjusted so that only the
desired organic substance is separated. For example, in
the case when the desired organic substance is ethanol
(boiling point: 78 °C) and when acetic acid (boiling point:
118 °C) is generated together with the ethanol, the de-
sired organic substance, i.e. ethanol, can be turned in to
the gaseous component and the acetic acid as the liquid
component by determining the heating temperature to
100 °C, so that only the desired organic substance, eth-
anol, can be purified. On the other hand, when the desired
organic substances are both ethanol and acetic acid,
then the desired organic substance, i.e. ethanol and ace-
tic acid can both be purified as a gaseous component
from the solid component of microorganisms, etc.
[0091] Note that, as described above, when the de-
sired organic substance has a boiling point (under normal

pressure (101.3 kPa)) of 100 °C or less, the heating of
the organic substance is preferably done to the temper-
ature of 100 °C higher than the boiling point of the desired
organic substance and the temperature of equal to or
lower than 100 °C, more preferably to the temperature
of 15 °C higher and equal to or lower than 100 °C, and
further preferably to the temperature of 20 °C higher and
equal to or lower than 100 °C, under normal pressure.
When the heating temperature is 10 °C higher than the
boiling point of the desired organic substance, it is pref-
erable since the desired organic substance can be suit-
ably turned into gas. On the other hand, it is preferable
when the heating temperature is no higher than 100 °C,
since the heating can be achieved by heating of the water
which may be contained in the organic substance-con-
taining liquid, which is easily achieved and cost reducing.
[0092] The device used in the above-described sepa-
ration step is not particularly limited, as long as it can
efficiently separate the organic substance-containing liq-
uid into a liquid or a solid component (microorganisms,
dead microorganisms, proteins derived from the micro-
organisms, etc.) and a gaseous component (the organic
substance) by heat energy. Examples of specific devices
include drying devices such as a rotary dryer, a fluidized
bed dryer, a vacuum type dryer, and a conduction heating
type dryer. Among these, from the viewpoint of efficiency
in separating the liquid or solid component and the gas-
eous component from the organic substance-containing
liquid particularly having a low solid component concen-
tration, it is preferable to use a conduction heating type
dryer. Examples of the conduction heating type dryer in-
clude a drum type dryer and a disk type dryer.

<Liquefaction Step>

[0093] The liquefaction step is a step of liquefying the
gaseous component comprising the organic substance
by condensation to obtain a second organic substance-
containing liquid comprising the organic substance (see
FIG. 1).
[0094] The device used in the liquefaction step is pref-
erably, without particular limitation, a heat exchanger,
particularly a condenser. Examples of the condenser in-
clude a water-cooled condenser, an air-cooled condens-
er, and an evaporation condenser. Among them, the wa-
ter-cooled type is preferable. The condenser may be of
a single stage or multiple stages.
[0095] The second organic substance-containing liq-
uid comprises an organic substance. It may also com-
prise water, etc.
[0096] Although it is deemed preferable that the sec-
ond organic substance-containing liquid obtained by the
liquefaction step is free of the components comprised in
the first organic substance-containing liquid such as a
nitrogen compound, a phosphorous compound, micro-
organisms, and the like, the present invention does not
exclude the presence of the nitrogen compound, the
phosphorous compound, microorganisms, and the like
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in the second organic substance-containing liquid.
[0097] Condensation heat of the gaseous component
obtained by a condenser can be used as a heat source
in the purification step as described later. By reusing the
condensation heat, the organic substance can be pro-
duced efficiently and economically.

< Second Purification Step >

[0098] A second purification step is a step of separating
a distillate comprising the organic substance and a sec-
ond can liquid from the second organic substance-con-
taining liquid (see FIG. 1).
[0099] Examples of the apparatus used in the second
purification step include a distillation apparatus, a treat-
ment apparatus including a pervaporation membrane, a
treatment apparatus including a zeolite dehydration
membrane, a treatment apparatus for removing a low
boiling point substance having a boiling point lower than
that of the organic substance, a treatment apparatus for
removing a high boiling point substance having a boiling
point higher than that of the organic substance, and a
treatment apparatus including an ion exchange mem-
brane. These apparatuses may be used alone or two or
more in combination. Suitable use made for the unit op-
eration is heat distillation or membrane separation.
[0100] Among these, the second purification step pref-
erably includes heat distillation. That is, in one embodi-
ment, the second purification step is preferably a step of
separating the distillate comprising the organic sub-
stance and the second can liquid from the second organic
substance-containing liquid by heat distillation.
[0101] In the thermal distillation, a desired organic sub-
stance can be obtained as a distillate with high purity
using a distillation apparatus. The temperature in the dis-
tillation apparatus at the time of distillation of the organic
substance (particularly ethanol) is not particularly limited,
and is preferably 110 °C or less, more preferably 100 °C
or less and further preferably about 70 to 95 °C. Setting
the temperature in the distillation apparatus within the
above range will ensure necessary separation of the or-
ganic substance from the other components, i.e., distil-
lation of the organic substance.
[0102] The pressure in the distillation apparatus during
distillation of the organic substance may be a normal
pressure; however, preferred pressure is less than nor-
mal pressure and more preferred is about 60 to 95 kPa
(absolute pressure). Setting the pressure in the distilla-
tion apparatus within the above range allows improve-
ment of the separation efficiency of the organic sub-
stance, which can lead to improvement in the yield of the
organic substance. Although depending on the kind of
the desired organic substance, the yield when, for exam-
ple the organic substance is ethanol, (concentration of
ethanol contained in the distillate after distillation) is pref-
erably 90 % by weight or more and more preferably 95
% by weight or more.
[0103] In the membrane separation, a known separa-

tion membrane can be used appropriately, for example,
a zeolite membrane can be used appropriately.
[0104] The concentration of the organic substance
comprised in the second distillate separated in the sec-
ond purification step is preferably 20 to 99.99 % by mass
and more preferably 60 to 99.9 % by mass.
[0105] On the other hand, the concentration of the or-
ganic substance comprised in the second can liquid is
preferably 0.001 to 10 % by mass and more preferably
0.01 to 5 % by mass.
[0106] In the manufacturing method according to the
present invention, the can liquid separated in the purifi-
cation step contains the nitrogen compound and the
phosphorous compound each in a concentration reduced
to 0 to 150 ppm and 0 to 5 ppm as described above. In
the preferred embodiment of the present invention, the
can liquid is substantially free of the nitrogen compound
and the phosphorous compound. In the present inven-
tion, "substantially free" does not mean that the concen-
tration of the nitrogen compound is 0 ppm, but means
that the concentration of the nitrogen compound and the
phosphorous compound in the can liquid obtained in the
purification step is in a level that requires no waste water
treatment step that would satisfy the environmental
standard designated by law. In the separation step, the
first organic substance-containing liquid is separated into
a liquid or solid component comprising a nitrogen com-
pound, a phosphorous compound, and microorganisms,
and a gaseous component comprising an organic sub-
stance as described above, and the desired organic sub-
stance is not purified from the first organic substance-
containing liquid obtained in the microbial fermentation
step. In this case, since the nitrogen and phosphorous
compounds and microorganisms remain in the liquid or
solid component side, the gaseous component compris-
ing the organic substance contains almost no nitrogen
compound or phosphorous compound. Therefore, it is
considered that the nitrogen and phosphorous com-
pounds are substantially not contained in the can liquid
obtained when the organic substance is purified from the
liquefied product obtained by liquefying the gaseous
component. Even when the can liquid contains a nitrogen
compound, the concentration of the nitrogen compound
is 0.1 to 150 ppm, preferably 0.1 to 120 ppm. Further,
even in the case in which the can liquid comprises a phos-
phorous compound, the concentration of the phospho-
rous compound is preferably 0.1 to 5 ppm and more pref-
erably 0.1 to 1 ppm. Note that, each concentration of the
nitrogen compound and the phosphorous compound in
the can liquid can be measured using a known analyzing
instrument such as a inductively-coupled plasma emis-
sion spectrometer (ICP-AES) and the like.
[0107] Note that, the can liquid separated from the sec-
ond organic substance-containing liquid normally com-
prises water. In the case where a plurality of the organic
substance is generated by microbial fermentation, the
can liquid may comprise other organic substances than
the desired organic substance.
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[0108] Further, the can liquid separated from the puri-
fied liquid normally contains water, a nitrogen compound,
and a phosphorous compound. In the case where a plu-
rality of the organic substance is generated by microbial
fermentation, the can liquid may comprise other organic
substances than the desired organic substance.
[0109] In this manner, the can liquid discharged in the
purification step of the organic substance is substantially
free of the nitrogen or the phosphorus compound accord-
ing to the present invention, and since it is considered
that there is hardly any other organic substances con-
tained, the waste water treatment step conventionally re-
quired can be simplified, and as a result, the energy cost
required for disposal can be reduced.

<Wastewater Treatment Step>

[0110] The second can liquid separated in the second
purification step may be subjected to a waste water treat-
ment step (see FIG. 1). In the waste water treatment step,
organic substances such as nitrogen compounds and
phosphorus compounds can be further removed from the
second can liquid. In this step, the organic substance
may be removed by subjecting the second can liquid to
anaerobic treatment or aerobic treatment. The removed
organic substance may be used as a fuel (heat source)
in the purification process.
[0111] The treatment temperature in the waste water
treatment step is usually 0 to 90 °C, preferably 20 to 40
°C, and more preferably 30 to 40 °C.
[0112] Since the liquid or solid component comprising
the nitrogen and phosphorous compounds and microor-
ganisms and the like are removed from the second can
liquid obtained through the separation step as above, the
load of waste water treatment, etc. is reduced compared
with the can liquid obtained by directly supplying the pu-
rification step from the microbial fermentation step.
[0113] In the waste water treatment step, the concen-
tration of the nitrogen compound in the treated liquid ob-
tained by treating the second can liquid is 0 to 150 ppm,
preferably 0.1 to 100 ppm, more preferably 0.1 to 50 ppm,
and further preferably 0.1 to 10 ppm, and particularly pref-
erably, no nitrogen compound is contained. The concen-
tration of the phosphorus compound in the treatment liq-
uid is 0 to 50 ppm, preferably 0.1 to 10 ppm, more pref-
erably 0.1 to 5 ppm, and further preferably 0.1 to 1 ppm,
and particularly preferably, no phosphorus compound is
contained in the can liquid.

< One Preferred Embodiment >

[0114] According to one preferred embodiment, the
method for producing an organic substance comprises
a microbial fermentation step of obtaining a first organic
substance-containing liquid comprising an organic sub-
stance, a nitrogen compound, a phosphorous com-
pound, and microorganisms by microbial fermentation;
a culture solution purification step of separating a purified

liquid comprising the organic substance and the first or-
ganic substance-containing liquid comprising the organic
substance, the nitrogen compound, the phosphorous
compound, and the microorganisms from the first organic
substance-containing liquid, after the microbial fermen-
tation step; a first purification step of separating a distillate
comprising the organic substance and a first can liquid
from the purified liquid; a separation step of heating the
first organic substance-containing liquid and separating
into a liquid or solid component comprising the nitrogen
compound, the phosphorous compound, and the micro-
organisms and a gaseous component comprising the or-
ganic substance; a liquefaction step of liquefying the gas-
eous component comprising the organic substance by
condensation to obtain a second organic-substance con-
taining liquid comprising the organic substance; and a
second purification step of separating a distillate com-
prising the organic substance and a second can liquid
from the second organic substance-containing liquid. In
this case, the concentration of the nitrogen compound in
the second can liquid is 0 to 150 ppm based on the total
mass of the second can liquid, and the concentration of
the phosphorous compound in the second can liquid is
0 to 5 ppm based on the total mass of the second can
liquid. Additionally, at least a part of the first can liquid is
reused for the microbial fermentation, and at least a part
of the second can liquid is disposed.
[0115] According to the preferred embodiment above,
since the culture solution purification step is present in
the first place, the total amount of the first organic sub-
stance-containing liquid can be reduced, which is to be
subjected to the separation step. As a result, it is possible
to achieve the separation efficiency and to reduce the
manufacturing cost. Additionally, by reusing at least a
part or preferably the total amount of the first can liquid
obtained through separation of the purified liquid by the
culture solution purification step, the first purification step,
for microbial fermentation, the cost for discharging the
can liquid can be reduced. Further, the presence of both
the first and the second purification steps makes it pos-
sible to obtain the first can liquid which may contain the
nitrogen and phosphorous compounds and the second
can liquid which contains no or hardly any nitrogen or
phosphorous compounds separately. As a result, it is
possible to divide so that the first can liquid is reused and
the second can liquid is disposed, and also by using both,
the impurities can be prevented or suppressed from be-
ing concentrated which is accompanied by continuous
culturing.

< Organic Substance and Use Thereof >

[0116] Examples of the organic substance obtainable
from the manufacturing method according to the present
invention include methanol, ethanol, 2,3-butanediol, ace-
tic acid, lactic acid, isoprene, butadiene, and the like, and
preferably comprises alcohols or diols having 1 to 6 car-
bons, more preferably alcohols or diols having 1 to 4 car-
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bons, and further preferably ethanol. The use purpose
of the organic substance obtainable from the manufac-
turing method according to the present invention is not
particularly limited. The produced organic substance can
be used as a raw material for, for example, plastics, res-
ins, and the like, and can also be used as various sol-
vents, fungicides, or fuels. The high-concentration etha-
nol can be used as fuel ethanol mixed with gasoline, etc.,
and can also be used as an additive for cosmetics, bev-
erages, chemical substances, raw materials of fuels (jet
fuel), food, etc., having extremely high versatility.

EXAMPLES

[0117] The present invention will be described in more
details with reference to Examples; however, the present
invention is not limited to the following Examples to the
extent the scope of the invention is not exceeded.

[Example 1]

[0118] A continuous fermenter (fermenting vessel)
provided with a main reactor, a syngas supply hole, a
medium supply hole, and a discharge hole was filled with
bacteria of genus Clostridium and a liquid culture medium
(containing an appropriate amount of a phosphorus com-
pound, a nitrogen compound, various minerals, and the
like) for culturing the bacteria.
[0119] Next, a syngas composed of 30 volume % of
carbon monoxide, 10 volume % of carbon dioxide, 35
volume % of hydrogen and 25 volume % of nitrogen was
prepared, fed into the continuous fermenter, and culture
(microbial fermentation) was carried out at 37 °C.
[0120] After the culture, the organic substance-con-
taining liquid discharged from the microbial fermenting
vessel was collected. The obtained organic substance-
containing liquid was a suspension containing ethanol,
microorganisms, dead microorganisms, and the like, and
when the concentration of the nitrogen compound and
the phosphorous compound in the organic substance-
containing liquid was measured using ICP-AES, the val-
ues were 425 mg/L and 191 mg/L, respectively. The con-
centration of the proteins was 170 mg/L. Note that, the
concentration of the proteins was measured in accord-
ance with Kjeldahl method.
[0121] The organic substance-containing liquid ob-
tained by culture was heated by a conduction heating
type drying device (CD dryer, SCD-500, manufactured
by Nishimura Works Co., Ltd.) at 120 to 125 °C under
normal pressure, and the organic substance-containing
liquid was separated into a liquid or solid component and
a gaseous component. The separated gaseous compo-
nent was condensed by a condenser and liquefied to
obtain a liquefied product. The concentration of the ni-
trogen compound and the phosphorous compound in the
obtained liquefied product was measured to be 119 ppm
and 0.05 ppm, respectively. Note that, the protein con-
centration was determined to be 13 mg/L.

[0122] Next, assuming the distillation process is to be
carried out in the distillation column, a foaming test was
conducted by bubbling while the obtained liquefied prod-
uct was heated, and almost no foaming was confirmed.

[Comparative Example 1]

[0123] A foaming test by bubbling was also conducted
on the organic substance-containing liquid used in Ex-
ample 1, and vigorous foaming was confirmed.
[0124] From the above results, it has become clear that
the liquefied product obtained by heating an organic sub-
stance-containing liquid comprising microorganisms,
separating the liquid or solid component comprising mi-
croorganisms, etc. and the gaseous component contain-
ing the organic substance, and condensing the gaseous
component can suppress foaming in the subsequent pu-
rification process.

Claims

1. A method for producing an organic substance, com-
prising:

a microbial fermentation step of obtaining a first
organic substance-containing liquid comprising
an organic substance, a nitrogen compound, a
phosphorous compound, and microorganisms
by microbial fermentation;
a separation step of heating the first organic sub-
stance-containing liquid and separating into a
liquid or solid component comprising the nitro-
gen compound, the phosphorous compound,
and the microorganisms and a gaseous compo-
nent comprising the organic substance;
a liquefaction step of liquefying the gaseous
component comprising the organic substance
by condensation to obtain a second organic sub-
stance-containing liquid comprising the organic
substance, and
a second purification step of separating a distil-
late comprising the organic substance and a
second can liquid from the second organic sub-
stance-containing liquid, wherein
the concentration of the nitrogen compound in
the second can liquid is 0 to 150 ppm based on
the total mass of the second can liquid, and the
concentration of the phosphorous compound in
the second can liquid is 0 to 5 ppm based on the
total mass of the second can liquid.

2. The method according to claim 1, further comprising
a culture solution purification step of separating a
purified liquid comprising the organic substance and
a first organic substance-containing liquid compris-
ing the organic substance, the nitrogen compound,
the phosphorous compound, and the microorgan-
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isms from the first organic substance-containing liq-
uid, after the microbial fermentation step.

3. The method according to claim 2, further comprising
a first purification step of separating a distillate com-
prising the organic substance and a first can liquid
from the purified liquid.

4. The method according to claim 3, comprising the
step of reusing at least a portion of the first can liquid
in the microbial fermentation and disposing at least
a portion of the second can liquid.

5. The method according to any one of claims 1 to 4,
wherein
the microbial fermentation uses a syngas comprising
carbon monoxide as a raw material.

6. The method according to claim 5, wherein
the syngas is a waste-derived gas.

7. The method according to any one of claims 1 to 6,
wherein
the organic substance comprises alcohol having 1
to 6 carbons.
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